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C"| . Abstract. We show that Mach-like azimuthal correlations of associated 

hadrons in the wake of heavy quark jets modeled in the AdS/CFT string drag 
picture originate only from the near-quark "Head" region. The contributions 
' from the far zones lead only to a yield peaked in the opposite direction with 

. respect to the trigger jet. 
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\Q ■ 1. Introduction 
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The observation of Mach cone-like correlations between tagged jets and associated 
hadrons [ Q] has been interpreted as providing evidence for the very fast relaxation 
time of energy-momentum perturbations in the quark-gluon plasma [ ® [31 HI [5] . 
While perturbative quantum chromodynamics (pQCD) provides a very good de- 
scription of the attenuation of light quark and gluon jets observed at the relativistic 
heavy ion collider (RHIC) [H [8], the recent non-photonic single electron data [[9] 
have proven to be more complicated to be fully accounted for in pQCD-based models 
[ 110] . The small heavy quark diffusion coefficient that seems to be required to fit the 
data is in the same ballpark as that derived [[TT] using the anti-de Sitter/Conformal 
Field Theory (AdS/CFT) correspondence [[12]. 

The first attempts towards understanding jet quenching through AdS/CFT 
were proposed in [ [TTJ [T31 [H] in the context of the duality between N = 4 super- 
symmetric Yang-Mills (SYM) plasmas and type IIB string theory in AdSs (g> S5 in 
the supergravity approximation (where N c — ► 00 and A = g 2 N c ^> 1). The trailing 
string solution derived in [ 114) provided a very thorough description of heavy quark 
energy loss in strongly-coupled Af = 4 SYM plasmas. Basically, in this model one 
considers the effects created by an external probe, a heavy quark moving at a con- 
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stant velocity v, on a static Af = 4 SYM plasma at temperature To. We remark that 
theories with supergravity dual descriptions do not display true jet-like structures 
because, in average, their particle energy distributions are spherically symmetric [ 
IT5] (see also [US]). However, in steady-state solutions such as the trailing string, 
the asymmetry is already included in the initial state (for instance, our jet is defined 
to move along the X\ axis). 

Highly energetic back-to-back jets produced in the early stages of the collision 
can traverse the evolving strongly-coupled quark-gluon plasma (sQGP) and deposit 
energy along their path. In the case where one of the jets is produced near the 
surface (trigger jet), the other supersonic away side jet can move through most of 
the plasma and generate a Mach cone, which is expected to lead to an enhancement 
of particles emitted at the Mach angle [ [21 [3] . In the hard momentum region 
where jets are produced, the relevant scale is much larger than the temperature, 
Q ^> To, and pQCD is certainly the correct description. In the soft part of the 
process (Q ~ To) [[17], we expect that AdS/CFT can shed some light into the 
complicated (and possibly strongly-coupled) non-equilibrium dynamics present in 
the interaction between, for instance, heavy quark jets and the underlying sQGP. 
In fact, it has been shown that Mach cones are produced when a supersonic heavy 
quark (as defined by [ [T3] ) that moves through a static strongly-coupled Af = 4 
SYM plasma [OH [T9]. Direct tests of the AdS/CFT string drag model using the 
nuclear modification factor, Raa(pt), have been proposed for at the LHC [[20]. 

In this paper we investigate whether the 2-particle angular correlations associ- 
ated with the supersonic AdS/CFT heavy quark jet display a double-peak structure. 
We take the medium to be a static strongly-coupled Af = 4 SYM thermal plasma 
and the AdS/CFT description of heavy quark energy loss derived in [E]. In our 
scenario the supersonic heavy quark travels through the plasma until it eventually 
punches through the medium and fragments in vacuum (we do not attempt to de- 
scribe what happens to the quark after it left the medium). We use the numerical 
results of Ref. [ [19] to show that an extrapolation to N c = 3 and large A leads 
to Mach cone correlations which strongly depend on the non-equilibrium region 
defined by the head of the jet. 

2. Cooper-Prye Freeze-out 

The total stress tensor T^ v (//, v = 0, . . . , 3) of the system given by the plasma+heavy 
quark has been computed in the case of a static background [[21] . When N c — > oo the 
disturbances in the energy-momentum tensor 8T^ V caused by the trailing string are 
contributions of order y/X/N^ with respect to the background. A direct consequence 
of that is that linearized first-order Navier-Stokes hydrodynamics is predicted to be 
a very good description of the quark's wake down to distances of ~ 1/T away from 
the heavy quark [EH [23] (see also [[24]). Once T» V {X) is determined, the flow 
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flow spatial components [ [53] . One can show that when N c — ► oo the complicated 
equations that determine the flow have a simple solution U l = T° 1 / (4po), where 
Po = 7I " 2 (^c — l)^o/8 is the dominant contribution for the pressure [H21 US]- Thus, 
since T° l is only proportional to V% we see that U ~ 0(V\/N^), which is a very 
small quantity when N c — > 00 and g — > 0. The local temperature of the plasma will 
be, in general, T(X) = T Q + AT(X), where AT(X)/T Q is also at least ofO(y/\/N%). 
Using the approximation U l = T 0i /(4po), one obtains that 



T(X) 



8T QQ (X) 11/4 



(1) 



to leading order in l/N c , where T 00 (X) = e + ST Q0 (X) and e = 3p is the 
background energy density of the plasma [ [25] . 

We assume, as in [|3J [U [5] |B], that the energy and momentum deposited by 
the jet are converted into observable particles via the Cooper-Frye (CF) freeze- 
out scheme [ [26] in which the angular distribution of associated particles with 4- 
momentum P M = (j>t,Pt cos(7r — <f>),pr sin(7r — 0), o|3 at mid rapidity y = that is 
induced by the jet is 



dN 



dyd<j) 



dprPT f dS^[f(U^P^T)-f eq ] (2) 



where pt is the transverse momentum, pjf define the relevant pt bin, S(X) is the 
freeze-out hypersurface, and / = fo+Sf is the distribution function which is the sum 
of an ideal Fermi-Dirac/Bose-Einstein local distributions fo — 1/ (e -17 ' P ^/ T ( x ) ± l) 
and 5f represents viscous contributions to the freeze-out. This term is important 
for the description of the quantities associated with the hydrodynamic properties 
of the RHIC plasma (see for instance the recent study in [ 27J). However, in the 
supergravity limit 5f is only sublcading in 1 /N c and can then be neglected in our 
analysis. Note that we remove the yield coming from the background by subtracting 
f eq = /|c/f =o,t=t - Moreover, we use here the Boltzmann limit where f (1 ± / ) — > 
/o- The hypersurface will be a complicated function in the case of an expand- 

ing background. However, in the static case the natural CF prescription is to use an 
isochronous freeze-out where cE M = (dV, 0, 0, 0) and V is the 3-dimensional volume 
[IB]- Because of the axial symmetry with respect to the jet axis, we assume that 
U^(X) = U^(Xi,X±) = (Ui,Uj_,0) where X x = X\\ - vt is the co-moving coordi- 
nate along the jet direction and X± represents the transverse coordinates. Addi- 
tionally, dV = dX\\dX±d(p X± and p-U — prU\ cos(7r — <fi) +ptU± sin(7r — <fi) cos <p. 



3. Results 

We solved Eq. @ for N c — 3, v = 0.9, and A — 5.5 [ 28 in a static background using 
the numerical results for the T 00 and T° l components of the stress tensor computed 

this paper we focus on 2-particle correlations only. Moreover, due to conformal invariance, 
the emitted particles are nearly massless, i.e., + m? /To — » Pt/Tq. 
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by Gubser, Pufu, and Yarom in Ref. In this solution, the infinitely massive 

heavy quark has been moving since t — ► — oo and can be found at the origin at 
t = 0. Our total CF volume is defined by -14 < X 1 (irT Q ) < 1, < X± (vrT ) < 14, 
and ip £ [0, 2tt]. Note that the temperature is the only energy scale in the problem 
and that our system is always in the deconfined phase. Moreover, we remark that 
the leading order expressions we use for U^pC) and T(X) become less reliable in 
the vicinity of the heavy quark (see [ [29l [30] for a detailed study of the stress 
tensor in the near-quark region) because there the flow and temperature gradients 
become large. In fact, in the head region the relative magnitude of disturbance in 
the energy density £(X) = 5T 00 (X)/so, where £o = 3po, approaches the limit £ ~ 1. 
Here we define the head of the jet as the volume where £ > 0.3, which roughly 
corresponds to the region between —l<Xi (ttTq) < 1 and < X± (ttTq) < 2. We 
show our results for the angular correlations in Fig. [1] when 3 < Pt/(kTo) < 4. 
The blue curve was computed excluding the near-quark head region from the CF 
volume. On the other hand, for the red curve we only included the head region 
where £ > 0.3. Note that the red curve displays a double-peak structure while the 
blue curve does not. The peaks appear at angles similar to the Mach cone angle 
7r ± (f>M, where <j> — cos -1 c s /v and c s = l/VS is the speed of sound. 

4. Conclusions 

In this work we studied the 2-particle angular correlations associated with AdS/CFT 
heavy quark jets. We showed that only the yield that comes from the non-equilibrium 
head region displays a double-peak structure. In fact, once the head region is ex- 
cluded from the CF volume one obtains only a peak centered at <j> = tt, which 
means that most of the produced particles are emitted in the opposite direction 
with respect to the trigger jet. A more detailed analysis of the interplay between 
the different regions involved in the CF freeze-out of the wake created by AdS/CFT 
heavy quark jets will presented elsewhere [I31j. 
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Fig. 1. Azimuthal correlations in AdS/CFT drag picture for the case where v = 0.9, 
A = 5.5, N c = 3 for 3 < pt/(^T ) < 4. The isochronous Cooper- Frye volume used 
for blue curve excludes the "head" zone where ST 00 (x) > 0.3 Eq. A Mach like red 
curve results only from the head zone. The vertical black lines are located at 7t±</>m, 
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